INJECTION-ASSISTING PROBE FOR MEDICAL INJECTOR ASSEMBLY 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of application serial no. 09/359,790 filed July 26, 
1999, and claims the benefit of provisional application no. 60/ 094,167 filed July 27 1998. 

FIELD OF THE INVENTION 

The present invention is directed to a device for delivery of medicament, and in 
particular to a jet injector with a skin tensioning probe to reduce the pressure at which the jet 
injector must eject the medicament for proper delivery. 

BACKGROUND OF THE INVENTION 

A wide variety of needleless injectors are known in the art. Examples of such 
injectors include those described in U.S. Patent No. 5,599,302 issued to Lilley et al., U.S. 
Patent No. 5,062,830 to Dunlap, and U.S. Patent No. 4,790,824 to Morrow et al. In general, 
these and similar injectors administer medication as a fine, high velocity jet delivered under 
sufficient pressure to enable the jet to pass through the skin and enter the underlying tissues. 
These injectors typically have a nozzle assembly which has a barrel-like nozzle body having a 
medication holding chamber and an orifice through which a jet stream of medication is 
expelled from the chamber. Typically a plunger/piston actuated by an energy source, such as 
a coil spring, gas spring, or gas cartridge is used to expel the medicament. 

Since at least the 1980s, the use of needleless injectors has become more desirable due 
to concerns over the spread of AIDS, hepatitis and other viral diseases caused by the 
possibility of accidental needle "sticks" from the conventional syringe and needle. One of the 
advantages associated with jet injectors is the absence of a hypodermic needle which removes 
apprehensions of healthcare workers and are superior in eliminating accidental disease 
transmission. Furthermore, given the aversion to needles possessed by some, the absence of a 
needle provides a psychological benefit. Even devices that utihze conventional hypodermic 
needles have attempted to c^itahze on this psychological benefit. For example, self- 
injectors or auto-injectors like the ones disclosed in U.S. Patents No. 4,553,962, 4,378,015 
have retractable needles which are hidden until activation. Upon activation, the needle 
extends from the bottom of the device and penetrates the user's skin to deliver medicament. 
As none of these devices involves delivery of the medicament using jet injection, the 
medicament delivery location is limited by the length of the needle. 



As Ihe skin is a tissue composed of several layers and the injector is appUed to the 
external surface of the outermost layer, the delivery pressure must be high enough to 
penetrate all layers of the skin. The layers of skin include, the epidermis, the outermost layer 
of skin, the dermis, and the subcutaneous region. The required delivery pressure is typically 
greater than approximately 4,000 p.s.i., as measured by the force of the stream of fluid 
divided by the cross-sectional area of the stream of fluid. 

Although this pressure is readily achievable with most injectors, there are some 
circumstances in which deUvery imder a reduced pressure is desirable. For instance, certain 
medications which contain molecules with long protein chains can be sheared and rendered 
ineffective when expelled at high pressures. Reduced pressure deUvery is particularly useful 
in intradermal applications such as vaccine, specifically DNA vaccines in which a high force 
energy mechanism could disrupt the molecular structure. See "Intradermal DNA 
Immunization by Using Jet-Injectors in Mice and Monkeys," Vaccine, 17:628-38, February 
1999. Also, operation of the needleless injector at lower pressures can allow for a larger 
volume of medicament to be administered. Furthermore, the lower pressure could make 
manufacturing an injector device less expensive. The lower pressure would also reduce 
adverse stresses on the device and result in a corresponding increased useable device hfetime. 

Thus, there exists a need for a jet injector with an injection assisting probe to reduce 
the pressure at which the jet injector must eject the medicament for proper delivery. 

SUMMARY OF THE INVENTION 

The present invention is drawn to a needleless injection system for injecting a medical 
product, and in particular, to a portable hand held device for injecting a medical product into 
a patient. The present invention is additionally drawn to an improved probe that can be used 
with a needleless injector. 

The needleless injector according to the present invention comprises a nozzle 
assembly having an fluid chamber for holding the medical product and an energy mechanism 
or energy means. The nozzle assembly has an orifice in fluid communication with the fluid 
chamber for allowing passage of the medical product in and out of the fluid chamber. The 
nozzle assembly is preferably removably connected and can be prefiUed with a medical 
product if desired or can even be of a disposable type. A probe extends fi-om the nozzle 
assembly to tension the skin and allow the jet to puncture the taut skin at a pressure that is 
substantially lower than the pressure normally needed to penetrate the skin. 

In one embodiment, the probe is retractably disposed within the nozzle assembly such 
that when the injector is fired, the probe is forced out of the end of the nozzle assembly. This 
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stretches the skin, allowing the drug to enter the skin more easily. The diameter of the probe 
tip is smaller than the diameter of the opening at the distal end of the injector so that the 
probe tip can move within the opening. After the device has completed the injection, the 
probe is forced back into the nozzle assembly by a retractable means or mechanism. An O- 
ring or a spring typically provides the force necessary to retract the probe. 

Another aspect of the present invention includes the use of different retracting means. 
Either a membrane, O-ring seal and spring, or a coil spring may be used in any combination 
for this purpose. 

Li another embodiment, the probe is rigidly disposed in the nozzle assembly in a 
fixed position and extends outwardly therefrom. 

hi another embodiment, the probe is a metal cylinder inserted or molded in the 
injector to provide a large discharge channel length to orifice diameter ratio, i.e., in the range 
of at least about 6/1 to as high as 20/1 or even greater. 

In another embodiment, the rigid probe nozzle assembly is assembled from two 
separate pieces that can be joined either by being snapped together or otherwise interlocked, 
including by friction fitting, by being joined with an adhesive or by being ultrasonically 
bonded together. 

In yet another embodiment, the nozzle ratio of discharge channel length to orifice 
diameter is large, i.e., in the range of at least about 6/1 to as high as 20/1 or even greater, with 
a long and gradual approach angle of about 3 to 30 degrees. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects, and advantages of the present invention will 
become much more apparent from the following description and accompanying drawings in 
which: 

FIG. 1 is a cross-sectional view of a needleless injector with a nozzle assembly of a 
first embodiment of the injection assisting probe therein. 

FIG. 2 is a cross-sectional view of the needleless injector nozzle assembly of FIG. 1 
with the injection assisting probe in its neutral condition. 

FIG. 3 is a view similar to FIG. 2, but with the injection assisting probe in its extended 
condition. 

FIG. 4 is a cross-sectional view of another embodiment of a nozzle assembly 
according to the present invention. 

FIG. 5 is an enlarged cross-sectional view of a conventional nozzle body with a 
section bored out of the irmer opening. 
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FIG. 6 is a perspective view of a conventional nozzle body. 

FIG. 7 is an enlarged cross-sectional view of the probe of the first embodiment. 

FIG. 8 is an enlarged perspective view of the probe of the first embodiment. 

FIG. 9 is an enlarged perspective view of an alternate embodiment of the probe. 

FIG. 10 is another embodiment of the nozzle assembly illustrated in FIG. 2, using a 
resilient O-ring as a retracting means and the probe of FIG. 9, showing the injection assisting 
probe in its neutral condition. 

FIG. 1 1 is a view similar to FIG. 10, but with the injection assisting probe in its 
extended condition. 

FIG, 12 is yet another embodiment of the nozzle assembly, using a flexible membrane 
as a retracting means, showing the injection assisting probe in its neutral condition. 

FIG. 13 is a view similar to FIG. 12, but with the injection assisting probe in its 
extended condition. 

FIGS. 14 and 15 illustrate a two-part nozzle assembly with a fixed probe wherein the 
probe member and nozzle member snap together. 

FIG. 16 illustrates a two-part nozzle assembly with a fixed probe wherein the probe 
member and nozzle member are ultrasonically welded together. 

FIG. 17 is a view similar to FIG. 16, but uses a solvent or adhesive bonding means. 

FIG. 18 shows an exemplary sample of a graph expressing a pressure-time curve 
between a conventional needleless injection device and an injection assisting probe device 
according to the present invention. 

FIG. 19 is a view of another embodiment of a multi-piece nozzle assembly with a 
fixed probe formed by a tubular insert. 

FIG. 20 illustrates another embodiment of a fixed probe which has a one-piece nozzle 
assembly. 

FIG. 21 illustrates yet another embodiment where the nozzle ratio of discharge 
channel length to orifice diameter is large with a long and gradual approach angle. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For convenience, the same or equivalent elements of the invention of embodiments 
illustrated in the drawings have been identified with the same reference numerals. Further, in 
the description that follows, any reference to either orientation or direction is intended 
primarily for the convenience of description and is not intended in any way to limit the scope 
of the present invention thereto. 



As used in this application, the term distal shall designate the end or direction toward 
the front of the needleless injection device 10. The term proximal shall designate the end or 
direction toward the rear of the injector. The term longitudinal designates an axis connecting 
the nozzle assembly 20 to the needleless injection device 10, and the term transverse 
designates a direction substantially perpendicular to the longitudinal direction including arcs 
along the surface of needleless injection device 10, or nozzle assembly 20. 

Referring to FIG. 1, the needleless injection device 10 according to the present 
mvention, comprises a nozzle assembly 20, an energy generating means 40 for forcing 
medicament out of the nozzle assembly, and an actuating mechanism 90, and a trigger 
assembly 100 for activating and triggering the energy mechanism 40. These components are 
operatively contained within a housing 200 as shown. It should be noted that energy 
generating means 40 can be a coil spring, gas spring, gas propellant, or any other force 
generating means. 

The nozzle assembly 20 can be threadably connected to the housing 200 or the 
actuating mechanism 90 such that it can be readily attached and detached. In this mamier, the 
needleless injection device 10 can be reused with various nozzle assemblies 20 that may 
contain different medications of different doses either togetiier or at different times. For 
instance, the nozzle assembly 20 can be prefilled with medication and disposed of after each 
use. Further, a medication filling device such as a coupling device can be used to fill the fluid 
chamber with medication. 

According to the first embodiment of the present invention, the nozzle assembly 20 
has an injection assisting probe movable within a conventional nozzle body. The nozzle 
assembly 20 includes a nozzle member 22 having an opening 24 at the distal end, preferably 
having a diameter of about 0.04-0.4 inches, preferably of about 0.045 to 0.075 inches or any 
other suitable diameter that would allow for the introduction of an injection assisting probe 
therein. The nozzle member 22 includes a cylindrical fluid chamber 26 terminating at the 
distal end in a right circular cone 28. A plunger 30 having a pressure waU contoured to the 
cone 28 is positioned to slide within the fluid chamber 26. The plunger 30 can include 
sealing means such as one or more 0-rings or the like (not shown) that are formed around its 
outer periphery to provide a seal, or the plunger itself can be a seal, as described in U.S. 
Patent No. 5,062,830, the disclosure of which is incorporated herein by reference. The 
plunger can also include additional sealing means at spaced intervals to provide a better seal. 
In the embodiments shown, the plunger 30 is connected to a ram 32 which is connected to the 
energy mechanism 40. Alternatively the ram 32 can be integrally formed with an energy 
mechanism, if desired. 
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An injection assisting probe 50, as seen best in FIGS. 7-8, is positioned coaxially and 
retractably within the distal end of the fluid chamber 26. The injection assisting probe 50 has 
a plunger receptor 57 at the proximal end which is configured to accommodate the plunger 30 
as it slides within the fluid chamber 26. Although the plunger receptor 57 can be of any 
shape conforming to the exterior profile of the plunger, it is preferably conical. The probe 
inner wall 58 is contoured to narrow like a funnel to the probe discharge channel 56. The 
probe discharge channel 56 extends to the discharge orifice 59 at the distal end of the probe. 
The probe discharge orifice 59 has a diameter of 0.004 to 0.012 inches. Preferably the 
diameter is 0,005 to 0.0075 inches. The discharge channel 56 is preferably cylindrical with a 
length to diameter ratio greater than 6. To provide a seal, the probe can include a seahng 
means such as an 0-ring(s) 35 or the like, as shown in FIGS. 2 and 3, formed around its outer 
periphery and accommodated by slot 60 or the probe itself can be a seal. The probe 
preferably has a ridge 55, the distal surface of which provides an annular area that can 
compress a spring or other like retractable mechanism when the needleless injection device is 
triggered. Alternatively, a washer can be used instead of the ridge 55 to contain the O-ring 35 
and compress the retracting mechanism during operation. 

FIGS. 5 and 6 show the nozzle assembly prior to introduction of the injection assisting 
probe. The outer periphery of the probe can be of varied geometries such that it fits within 
the nozzle member fluid chamber 26. Advantageously, the probe has a conical body section 
54 which narrows gradually or tapers towards a cylindrical body section 53 of smaller 
circimiference. Preferably, a shoulder 52 is positioned to separate the probe tip 51 fi-om the 
cylindrical body section 53. The probe tip 51 is also cylindrical, but has a smaller 
circumference than the cylindrical body section 53 such that the probe tip can fit within and 
extend through the nozzle opening 24. The cylindrical body section 53 of the probe has a 
circumference such that the shoulder section 52, existing at the transition between the 
cylindrical body section 53 and the probe tip 51, prevents the cylindrical body section 53 of 
the probe firom existing within the opening 24. 

FIG. 2 illustrates the retractable injection assisting probe 50 in its neutral position 
while FIG. 3 illustrates the probe 50 in its extended position. In the extended position, the 
probe tip 51 extends beyond the distal end of the nozzle face 25. The shoulder 52 abuts the 
bored out inner section 27 of the nozzle opening to stop the probe fi-om traveling further. The 
retracting mechanism, in this embodiment a spring, is compressed to provide a recoil force 
once the medicament is expelled. 

FIG. 4 illustrates another aspect of the present invention where a nozzle assembly 
with a nozzle member cap 85 attached on, for example by screws, to a modified nozzle 



-6- 



member wherein a retractable probe is disposed. Although FIG. 4 shows the retractable 
means as a spring, there is no limitation as to the retractable means which can be used with 
such a screw on nozzle assembly. In this regard, a resilient O-ring, a flexible membrane, a 
gas spring, or any other retractable means known to those skilled in the art can also be used. 

FIGS. 9, 10, and 1 1 show an alternative embodiment of the injection assisting probe 
in which the retraction mechanism is a resilient O-ring 75, or other like material known to 
those skilled in the art. A coil spring can be used instead of the O-ring. When the O-ring 75 
is used, it can also act as a sealing mechanism, and for this reason the O-ring is preferred. 
The interior of the probe is similar to the other embodiments, with a section 57 to 
accommodate the plunger and a tapered section 58 to funnel the medicament to the discharge 
channel 56 and out the discharge orifice 59 during operation. FIG. 10 illustrates the neutral 
condition, before expelling medicament, and FIG. 1 1 shows the extended condition during 
which medicament is expelled. Similar to embodiments previously described, this 
embodiment functions to extend the probe tip 51 beyond the nozzle opening 24 and tension 
the patient's skin during operation. Also, similar to embodiments previously described, this 
retractable probe also preferably has a ridge 55 around the proximal end to provide a surface 
which compresses the resilient material when the injector is triggered. 

Another embodiment of the present invention, shown in FIGS. 12 and 13, is a 
variation of the retraction means wherein a flexible membrane is utilized. FIG. 12 illustrates 
the neutral condition before expelling the medicament. A flexible membrane 70 spans 
between nozzle walls 71 which define the sides of the fluid chamber 26 for holding 
medicament. Similar to embodiments previously described, the distal end of the nozzle walls 
act to guard the probe by extending beyond the membrane the same distance the probe does. 
The probe is attached to the flexible membrane by any conventional means known to those 
skilled in the art. Preferably, the probe is integrally attached to the flexible membrane with an 
adhesive. FIG. 13 shows the probe in its extended position where the probe extends beyond 
the end of the walls such that the probe tensions the skin to allow injection of the medicine at 
reduced pressure. Other embodiments of the present invention relate to a nozzle assembly 
with a fixed probe. Both a one-piece and a two-piece nozzle assembly with a fixed probe can 
be used and are contemplated by this invention. 

FIGS. 14-17 show embodiments of the present invention with a two piece nozzle 
assembly with a fixed probe. The probe bearing section 80 can either be attached internally 
or externally from the nozzle member. Although, any conventional attaching means can be 
used, FIGS. 14 and 15 show a preferable friction-fitting or snapping attaching means for both 
internal and external attachment of the probe bearing member respectively. FIG. 16 shows a 



preferable ultrasonic bonding means of attachment for the probe. Although, the ultrasonic 
bonding features 83 can be placed at any location to attach the two pieces, preferably, the 
ultrasonic bonding features 83 are along the distal end at the interface between the probe 
member 80 and the nozzle member 81 to facilitate ease of manufacturing. FIG. 17 shows a 
preferable solvent bonding or adhesive bonding means of attachment. 

Another embodiment of a multi-piece nozzle assembly with a fixed probe is shown in 
FIG. 19. The nozzle assembly consists of a nozzle member 97 similar to a conventional 
nozzle member with the exception that the nozzle face 25 has a bore 29 coaxial with the 
center of the nozzle member 97 which is designed to receive a tubular insert 98 to create a 
fixed probe. Although the tubular insert 98 can be made of any suitable material, preferably 
1^: the insert is stainless steel. The interior of the tubular insert 98 is cylindrical and functions as 
y the discharge channel once it is inserted into the nozzle. Similar to previously described 
y embodiments, the ratio of discharge channel length to orifice diameter is greater than 6. Also 
% similar to other embodiments of the present invention, once inserted into the nozzle member, 

ili the tubular insert extends beyond the distal face of the nozzle. Preferably the tubular insert 

m 

extends by 0.04 to 0.08 inches beyond the nozzle face. 

FIG. 20 illustrates another embodiment of a fixed probe which has a one-piece nozzle 
f jj assembly. Similar to embodiments described previously, the nozzle assembly has a funnel- 
§ like conical section 76 which tapers toward the discharge channel 77 at the distal end. The 
|i nozzle member of this embodiment is similar to the conventional nozzle member, with the 

exception that a probe 78 is integral with and extends outwardly fl"om the nozzle distal face 

79. 

FIG. 21 shows an alternative embodiment of the present invention which relates to 
nozzles having large length to diameter ratios, either with or without a probe attached at an 
end of the nozzle. In FIG. 21 and throughout this application, diameter refers to the diameter 
of the discharge orifice 93 and length refers to the length of the discharge channel 92 or 
cylindrical section of the nozzle leading to the orifice. Currently, commercially available 
injectors have a length to diameter ratio of approximately 4/1 to 6/1. The length to diameter 
ratio of a nozzle according to the present invention is greater than 6/1 . Preferably the ratio is 
at least 9/1 or even greater. As pressure is determined by force divided by cross-sectional 
area, using a nozzle assembly with a large length to diameter ratio allows the use of a lower 
force energy mechanism without a reduction of pressure. Preferably, such a nozzle also has a 
long and gradual approach angle 91 leading to the discharge channel 92 of about 3 to 30 
degrees. 
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A significant advantage of the injection-assisting probe is that it allows for a lower 
pressure to break the skin barrier and administer the medicament. In this regard, 
administering an injection using either a fixed or retractable probe requires less energy and 
force than conventional needless injector devices. FIG. 1 8 shows a pressure-time curve for a 
conventional injector, curve A, which delivers a jet stream at steady state pressures around 
4,000 p.s.i., as measured by the force of the stream of fluid divided by the cross-sectional area 
of the stream of fluid. Needleless injectors utilizing an injection-assisted probe, however, 
need only to achieve a lower steady state pressure as shown by curve B while maintaining the 
quality of the injection. Specifically, experimentation has shown that the same percentage of 
successful injections can be achieved with needleless injectors having a probe of the present 
invention and 40 lb. energy generating means as with conventional needleless injectors 
having 55 lb. energy generating means. Furthermore, when injectors with the same energy 
generating means are compared with and without a probe of the present invention, the 
percentage of successful injections is increased with a probe. For instance, for an injector 
with a retracting probe, 100% of the injections in experimentation were successfiil, while only 
68% of injections were successful without a probe. Injectors with a fixed probe were also 
advantageous, yielding 98% successful injections. 

Fabricatmg a nozzle assembly of two parts as described above facilitates 
manufacturing of a nozzle assembly with a large length to diameter ratio. Furthermore, the 
discharge channel 92 or cylindrical section leading to the discharge orifice 93 can be a 
metalhc tube having the desired length to diameter ratio. As it is particularly problematic to 
fabricate nozzle assembUes with large length to diameter ratios out of plastic components, use 
of a metallic tube in conjunction with a plastic nozzle assembly is preferred. 

While it is apparent that the illustrative embodiments of the invention herein disclosed 
fijlfiU the objectives stated above, it will be appreciated that numerous modifications and 
other embodiments may be devised by those skilled in the art. Therefore, it will be 
understood that the appended claims are intended to cover all such modifications and 
embodiments which come within the spirit and scope of the present invention. 



